client-owned cats with naturally developing asthma. 6 The cause of chronic bronchitis is less well understood and is thought to be secondary to a previous insult (eg, infection or inhaled irritants) that damages the airways. Chronic bronchitis is characterized cytologically by inflammation with nondegenerate neutrophils. 8 Because chronic allergic asthma can damage the airways, leading to variable neutrophilic inflammation, there is also overlap between these diseases (termed chronic asthmatic bronchitis). 5 It is difficult to discriminate between asthma and chronic bronchitis on the basis of clinical signs alone because both can induce coughing and wheezing. Although asthma can also be associated with episodic respiratory distress that is at least in part reversible with bronchodilators, not all asthmatic cats have clinically important bronchospasm. Additionally, in rare instances, cats with chronic bronchitis may progress to development of emphysema and have expiratory distress minimally responsive to bronchodilators. Diagnostic tests used in practice to attempt to differentiate these conditions include thoracic radiography and cytologic analysis of BALF. Thoracic radiography may reveal normal findings in as many as 23% of cats, 1 and other radiographic abnormalities (eg, bronchial and bronchointerstitial patterns) are frequently found in cats with asthma and those with chronic bronchitis. 3 Results of cytologic examination of BALF are also problematic in discriminating between these diseases because the types of inflammatory cells are affected by the timing of exposure to aeroallergens or other inhaled irritants, concurrent secondary bacterial infections, and effects of immunosuppressive drugs or diseases.
Biomarkers-endogenously synthesized biochemical compounds used in the diagnosis, management, and prognostication of disease-have not yet been evaluated in cats with naturally occurring lower airway disease. Because of the difficulty of discriminating asthma from chronic bronchitis in cats via traditional diagnostic tests, it is worthwhile to evaluate the use of inflammatory mediators as potential biomarkers. In humans with asthma, increases in concentrations of IL-4, TNF-α, and NO metabolites or exhaled NO have been found, prompting interest into further investigation of the role of these inflammatory mediators in asthma in cats. [9] [10] [11] Conversely, other studies 11, 12 have found that the Th1 cytokine IFN-γ is reduced in naturally developing and experimental asthma and therefore contributes to the Th2-Th1 imbalance characteristic of allergic disease. Although TNF-α has been implicated in the pathogenesis of chronic bronchitis 13 and increased exhaled NO in humans with chronic bronchitis, 14 it is not clear if there are differences in the magnitude of increase of these mediators in BALF between humans with asthma and those with chronic bronchitis. The purpose of the study reported here was to compare concentrations of IL-4, IFN-γ, TNF-α, and total NO metabolites in BALF supernatant of cats with naturally developing clinical asthma (CLIN ASM group), cats with naturally developing chronic bronchitis (CLIN CB group), research cats with experimentally induced allergic asthma (EXP ASM group), research cats with experimentally induced nonseptic suppurative inflammation (RES SUPP group), and healthy control cats (control group). We hypothesized that cats with allergic asthma (clinical and experimental) would have increased IL-4 concentrations and an increased ratio of IL-4 to IFN-γ, compared with cats with naturally occurring chronic bronchitis, research cats with nonseptic suppurative inflammation, and healthy control cats. Additionally, we expected cats with inflammatory airway disease (RES SUPP, EXP ASM, CLIN ASM, and CLIN CB groups) to have higher concentrations of TNF-α and NO metabolites than cats in the control group.
Materials and Methods
Client-owned cats-All cats that underwent BALF collection at the Veterinary Medical Teaching Hospital, College of Veterinary Medicine, University of Missouri, between February 2006 and September 2008 were eligible for inclusion in the study. Cats were included in the study if they had a diagnosis of asthma or chronic bronchitis based on clinical signs of lower airway disease (presence of coughing, wheezing, or episodic respiratory distress), thoracic radiographic findings interpreted by a board-certified radiologist either as normal or as supportive of bronchial disease (ie, bronchial or bronchointerstitial pattern), and BALF cytologic findings of increased eosinophils, neutrophils, or both (compared with typical findings in healthy cats). Cats were excluded if cytologic findings included evidence of septic suppurative inflammation (with or without positive bacteriologic culture results) or neoplastic cells. Because healthy cats can have as many as 2,000 CFUs of bacteria/mL of BALF, cultures with < 2,000 CFUs/mL were not interpreted as evidence of active infection. 15 If > 2,000 CFUs/mL was obtained via direct culture but no evidence of intracellular or extracellular bacteria was seen and neutrophils were nondegenerate and low in number, contamination of the upper portion of the airway was considered likely and those cats were not excluded from study. The study was performed in a retrospective fashion, with ancillary diagnostic tests at the discretion of the attending veterinarian. Relevant diagnostic tests reported here included a CBC, heartworm antibody or antigen ELISA, thoracic radiography, and bacterial culture of BALF. For the purposes of this study, in clientowned cats, a primary diagnosis of asthma (CLIN ASM group) was made if there were ≥ 17% eosinophils and a diagnosis of chronic bronchitis (CLIN CB group) was made if there were ≥ 7% neutrophils in BALF. Cats with ≥ 17% eosinophils and ≥ 7% neutrophils were grouped with the asthmatic cats (ie, they were assumed to have chronic asthmatic bronchitis). We did not exclude cats receiving glucocorticoids if they had cytologic findings consistent with inflammation of the airways.
Research cats-Cats from a research colony at the University of Missouri from which BALF had been collected and stored were eligible for inclusion in the study. Results of cytologic findings were retrospectively reviewed to obtain samples for the control group (n = 20; eosinophils < 17%; neutrophils < 7%), RES SUPP group (33; eosinophils < 17%; neutrophils ≥ 7%), and EXP ASM group 6 (23; eosinophils ≥ 17%). Most (n = 26) cats included in the RES SUPP group were research cats with naturally developing suppurative inflammation; the remainder of the cats (7) had allergen-induced neutrophilic inflammation. Although naturally developing mild chronic bronchitis has been described in research cats, 8 unlike in that study, we did not serially monitor those cats to determine if the inflammation was chronic, and they served only as control animals with neutrophilic airway inflammation. All cats were cared for according to the principles outlined in the National Institutes of Health Guide for the Care and Use of Laboratory Animals and the University of Missouri Animal Care and Use Committee. Cats were given water and a dry feline maintenance diet ad libitum.
BALF collection-Client-owned cats were anesthetized with propofol and received supplemental oxygen during or after BALF collection. Collection of BALF was performed with bronchoscopic guidance or with a blind technique at the discretion of the attending clinician. Bronchoscopy was performed with a bronchoscope, a in which a 10-to 20-mL aliquot of sterile saline (0.9% NaCl) solution was instilled directly through the biopsy port after the bronchoscope was wedged in an airway. Retrieval of saline solution was performed via manual suction. The blind technique was performed by intubating the cats with a cuffed 4.0-to 4.5-mm endotracheal tube and gently advancing an 8F polypropylene or red rubber catheter through the endotracheal tube until resistance was felt. A 10-to 20-mL aliquot of sterile saline solution was instilled into the catheter and retrieved by use of manual suction or vacuum suction into a suction trap (mucus specimen trap with suction catheter).
b The clinical pathology laboratory at the Veterinary Medical Teaching Hospital at the University of Missouri processed the BALF and performed differential cell counts. The remaining BALF was centrifuged at 300 X g for 10 minutes, and the supernatant was harvested and banked at -20°C.
Collection of BALF in research cats was performed by use of ketamine (8 to 10 mg/kg, IV) for anesthesia. A blind technique similar to that performed in client-owned cats, with the following modifications, was performed. After intubation and wedging of the polypropylene or red rubber catheter, a 10-to 20-mL aliquot of PBS solution was instilled into the catheter and retrieved via gentle manual suction. The BALF samples were placed immediately on ice and processed within 2 hours after collection. A cytocentrifuge was used to prepare slides for cytologic evaluation; slides were stained with a modified Wright stain. Differential cell counts were determined by evaluating 200 nucleated cells/slide. The remaining BALF was centrifuged at 300 X g for 10 minutes, and the supernatant was collected and stored at -20°C until further analysis.
Total protein concentration-Total protein concentrations in BALF samples were measured with a commercially available Bradford-type protein assay c in accordance with the manufacturer' s instructions. Standards were run in triplicate, and samples were run in duplicate. The limits of detection of the protein assay were 8 to 500 µg/mL.
IL-4 and IFN-γ concentrations-Commercially
available feline-specific IL-4 and IFN-γ sandwich ELISA kits d were used to quantitate BALF IL-4 and IFN-γ concentrations in accordance with the manufacturer' s instructions. Standards were run in triplicate, and samples were run in duplicate. The IL-4 and IFN-γ concentrations in thawed unconcentrated BALF were calculated by use of values generated from the standard curve. The range of detection of both cytokines in the ELISA was 0.0625 to 4 ng/mL.
Attempts were made to concentrate cytokines by use of a vacuum concentrator e in which 1. TNF-α activity-Tumor necrosis factor-α activity was determined in thawed BALF supernatant by use of a modification of a cytotoxicity bioassay. 16, 17 Briefly, 3.0 X 10 5 cells from mouse fibroblast (L929) cells were cultured in modified Eagle medium f plus 1% horse serum f and 3 µg of actinomycin D/mL g on a 96-well flatbottom tissue culture plate.
h Fifty microliters of BALF supernatant was added to the wells in duplicate. After a 20-hour incubation, 3-[4,5-dimethylthiazol-2-yl]-2,5,-di-phenyl tetrazolium bromide g was added and the cells were incubated for an additional 2.5 hours. The formazen crystals were solubilized in 50% dimethylformanide i and 20% SDS.
i Color development after 1 hour was measured at 630 nm. Recombinant feline TNF-α j was used to construct a standard curve. The range of detection of this assay was 0.2 to 10 ng/mL. For statistical analysis, samples with activity less than the lower limit of detection of the assay were assigned a concentration of 0.2 ng/mL. NO metabolites concentrations-Thawed aliquots of BALF supernatant were used for determination of the NO end products nitrite (NO 2 -) and nitrate (NO 3   - ) by use of components from a commercially available kit. k All samples were passed through a 10,000 molecularweight cutoff filter d,l at 3,000 X g for 30 minutes. Eighty microliters of BALF supernatant was plated in duplicate by use of a 96-well high-binding certified flat-bottom plate i with 10 µL of nitrate reductase and 10 µL of NADPH (enzyme cofactor)/well and incubated for 3 hours at 22°C to reduce nitrate to nitrite. The final concentration of nitrite was measured by use of Griess reagents sulfanilamide and N-(1-naphthyl) ethylenediamine to convert the nitrite in BALF to a deep purple azo compound. Absorbance was measured at 540 nm, and the concentration of nitrite was multiplied by 2.5 to obtain nitrate concentration. The range of detection of nitrate for the assay was 2.5 to 87.5 µM.
Statistical analysis-Statistical analyses were performed with commercially available software. m Data were analyzed for normality by use of a KolmogorovSmirnov test. A Kruskal-Wallis ANOVA on ranks test was used to compare the percentages of eosinophils and neutrophils, total nitrate concentration, and TNF-α concentration in BALF among groups. When appropriate, a Dunn multiple comparison method was performed to delineate differences between individual groups. The IL-4-to-IFN-γ ratio was calculated for cats in the EXP ASM group that had detectable concentrations of both cytokines (7/23 cats) by dividing the concentration of IL-4 by the concentration of IFN-γ. Differences were considered significant at P < 0.05.
Results
CLIN ASM group-Thirteen cats (8 castrated males, 4 spayed females, and 1 sexually intact male) were identified with naturally developing asthma. Cats had a mean ± SD age of 7.2 ± 1.1 years and a mean ± SD weight of 5.3 ± 0.3 kg. Breeds included domestic shorthair (n = 7), mixed-breed cat (4), domestic longhair (1), and Ocicat (1) .
Clinical signs related to the respiratory tract identified via history or physical examination included coughing (n = 9 cats), increased bronchovesicular sounds (6), respiratory distress (3), and wheezing (1). When information was available (n = 9), CLIN ASM cats had clinical signs consistent with asthma (eg, coughing, wheezing, and episodic respiratory distress) months or years prior to referral to the Veterinary Medical Teaching Hospital and subsequent BALF collection. In cats that had a CBC performed within 2 months of BALF collection (n = 9), abnormalities related to inflammation included eosinophilia (4), neutrophilia (3), hyperproteinemia (3), and monocytosis (1). Tests for heartworm antibody, antigen ELISA, or both yielded negative results in all CLIN ASM cats tested (n = 8). Medications administered within 2 weeks of BALF collection (n = 6 cats) included prednisone or prednisolone administered orally at 2 mg/kg/d (2) Thoracic radiographs were obtained within 2 months of BALF collection for 12 of 13 cats. Abnormal findings included bronchointerstitial (n = 6 cats) and bronchial (4) lung patterns, hyperinflation of the lungs (1), and atelectasis of the right middle lung lobe (1). Two cats had unremarkable findings. One cat with radiographs obtained > 2 months previously (during a period of severe coughing) had unremarkable findings.
Collection of BALF was performed with a blind technique (n = 10 cats) or bronchoscopic guidance (3). Two cats had bacterial counts > 2,000 CFUs/mL (Corynebacterium spp, Staphylococcus epidermis, or Propionibacterium spp); however, oral contamination or contamination of the upper portion of the airway was thought likely because no intracellular or extracellular bacteria were seen on cytologic examination and the cats only had 1% and 3% neutrophils in BALF, respectively. CLIN CB group-Eight neutered cats (5 males and 3 females) with a mean ± SD age of 7.9 ± 1.1 years and a mean ± SD weight of 5.2 ± 0.2 kg were indentified with naturally developing chronic bronchitis. Breeds included domestic shorthair (n = 3 cats), mixed-breed cat (1), Persian (1), domestic longhair (1), Russian Blue (1), and Himalayan (1) .
Clinical signs related to respiratory tract disease determined via history and physical examination included coughing (n = 5 cats), increased bronchovesicular sounds (4), and respiratory distress (1) . The cat with expiratory respiratory distress also had evidence of hyperinflation of the lungs and was minimally responsive to orally administered and inhaled bronchodilators (ie, there was suspicion of chronic bronchitis with emphysema). When information was available, cats (n = 7) had clinical signs consistent with chronic bronchitis months or years prior to referral to the Veterinary Medical Teaching Hospital and subsequent BALF collection. Cats that had a CBC performed within 2 months of BALF collection (n = 6 cats) had 2 abnormalities pertaining to inflammation: hyperproteinemia (3) and monocytosis (1) . Heartworm antibody and antigen ELISA results were negative for all cats tested (n = 4). Medications administered within 2 weeks of BALF collection (n = 3 cats) included prednisone administered orally at 1 mg/kg every other day (1) and 2.5 mg/ kg/d (1) and unknown doses of chlorpheniramine (1) and nebulized enrofloxacin (1) .
Thoracic radiographs were obtained within 2 months of BALF collection for cats in the CLIN CB group (n = 7); findings included bronchointerstitial (4) and bronchial (2) patterns, cardiomegaly and pulmonary arterial enlargement (2), and bronchiectasis (1). The 2 cats that had pulmonary arterial enlargement had hypertrophic cardiomyopathy as diagnosed via echocardiography. In 1 cat, thoracic radiographs were obtained that were not available for review by a board-certified radiologist, and the cat was not included in the study.
Collection of BALF was performed in all cats by use of a blind technique (n = 4 cats) or bronchoscopic guidance (4) . No cat had bacteriologic culture results that were considered positive (> 2,000 CFUs/mL).
Research cats-All research cats were < 1 year of age when BALF was collected. Weight of the research cats was not routinely recorded at the time of BALF collection. None of the cats in the control and RES SUPP groups had evidence of respiratory tract disease via physical examination or recorded in daily monitoring records. Cats in the EXP ASM group had variable responses to aerosol challenges of allergen, including increased respiratory rate, coughing, and increased bronchovesicular sounds or wheezing. Complete blood counts and thoracic radiography were not performed.
Eosinophils-The percentage of eosinophils in BALF samples was determined (Figure 1) . Cats in the EXP ASM and CLIN ASM groups had a significantly (P < 0.001) greater percentage of eosinophils, compared with cats in the control, RES SUPP, and CLIN CB groups. There was no significant difference (P = 0.271) in percentage of eosinophils between the EXP ASM and CLIN ASM groups. For CLIN ASM cats receiving glucocorticoids and not receiving glucocorticoids, median percentage of eosinophils was 51% (range, 22% to 80%) and 67% (range, 17% to 90%), respectively. Neutrophils-The percentage of neutrophils in BALF samples was determined (Figure 2) . Cats in the CLIN CB group had a significantly (P < 0.001) greater percentage of neutrophils, compared with cats in the control, EXP ASM, and CLIN ASM groups, and cats in the RES SUPP group had a significantly (P < 0.001) greater percentage of neutrophils than did cats in the control and EXP ASM groups. Cats in the CLIN CB group receiving glucocorticoids and not receiving glucocorticoids had a median percentage of neutrophils of 49% (range, 30% to 67%) and 46% (range, 23% to 88%), respectively.
Total protein concentration-Median concentration of total protein in BALF samples was determined in the control (140 ng/mL; range, 50 to 616 ng/mL), RES SUPP (179 ng/mL; range, 55 to 926 ng/mL), EXP ASM (145 ng/mL; range, 8 to 401 ng/mL), CLIN ASM (193 ng/mL; range, 50 to 661 ng/mL), and CLIN CB (217 ng/mL; range, 50 to 1,258 ng/mL) groups. There was no significant (P = 0.167) difference among groups.
IL-4 and IFN-γ concentrations-Most of the cats
had BALF concentrations of IL-4 and IFN-γ that were less than the lower limit of detection for the assays (ie, 0.0625 ng/mL), precluding meaningful statistical analysis. For cats that had detectable concentrations of IL-4 and IFN-γ, the range of cytokine concentrations in BALF samples was determined in the control (IL-4, 0.08 to 0.51 ng/mL; IFN-γ, 0.08 to 0.18 ng/mL), RES SUPP (IL-4, 0.07 to 0.08 ng/mL), EXP ASM (IL-4, 0.07 to 2.12 ng/mL; IFN-γ, 0.06 to 1.09 ng/mL), CLIN ASM (IFN-γ, 0.14 ng/mL), and CLIN CB (IL-4, 0.09 to 0.14 ng/mL) groups. The number of cats in each group that had cytokine concentrations below the lower limit of detection was determined in the control ( Interleukin-4 was not detectable in BALF of any cat in the CLIN ASM group, regardless of whether they were receiving glucocorticoids (n = 6 cats) or not (7). Interferon-γ was detected in only 1 cat in the CLIN ASM group, and that cat was being treated with glucocorticoids at the time of collection. Interleukin-4 was detectable in only 3 cats in the CLIN CB group; 1 was receiving glucocorticoids, and the other 2 were not. Interferon-γ was not detectable in any cats in the CLIN CB group, regardless of whether they were receiving glucocorticoids (n = 2 cats) or not (6) .
NO metabolites and TNF-α concentrations-The
CLIN CB group had significantly (P < 0.001) greater nitrate concentrations in BALF samples, compared with RES SUPP and EXP ASM cats (Figure 3) . There was no significant difference in nitrate concentrations among other groups. There was no significant (P = 0.105) difference among groups in the concentrations of TNF-α in BALF samples (Figure 4) . Effect of glucocorticoid treatment on biomarkers in CLIN ASM and CLIN CB groups-When pet cats treated with glucocorticoids were removed from the statistical analysis, there was no difference in the overall results of statistical analysis or interpretation of the study.
Discussion
In the present study, none of the potential biomarkers evaluated (IL-4, IFN-γ, TNF-α, and NO metabolites) in BALF were useful for discriminating between client-owned cats with naturally developing asthma and chronic bronchitis. There are several possible reasons for this. Cytokines in the epithelial lining fluid are variably and unpredictably diluted by saline solution in- stilled during collection of BALF. 18 Although there were no significant differences among groups in BALF total protein concentration (a crude marker of dilution), it is clear that BALF represents substantial dilution of the epithelial lining fluid. Compounding the dilutional effects is the poor sensitivity of available feline-specific cytokine assays. Many of the samples yielded values less than the lower limit of detection of the assays for IL-4, IFN-γ, and TNF-α. Thus, it is possible that if a more sensitive assay were available, differences could be detected among groups. Alternatively, concentrating the cytokines in BALF might enhance detection. Attempts at use of a concentrator did not produce reliable results in the ELISAs by use of saline solution spiked with known concentrations of feline-specific recombinant cytokines, but use of high-molecular-weight cutoff filters is an alternative means of concentration that could be evaluated in future studies. The second possible reason for lack of usefulness of the biomarkers tested in this study was that inflammatory mediators evaluated have minimal roles or no role in the diseases studied. Selection of the cytokines was limited by the availability of reagents for use in cats and the type of banked samples available (ie, acellular BALF supernatant). Although IL-4 and IFN-γ are prototypical Th2 and Th1 cytokines, respectively, that play a role in allergic asthma, 11, 19 IL-5 is a key cytokine that is involved with eosinophil maturation, differentiation, and survival. 20 Because eosinophilic airway inflammation is one of the hallmark differences between asthma and chronic bronchitis, analysis for IL-5 would have been logical; however, a feline-specific IL-5 ELISA is not currently available. Another possible reason for the lack of positive results in this study was the fact that in naturally developing disease, there is not a consistent course of inflammatory events. For example, client-owned cats with asthma are likely to be sensitized to different types and quantities of allergens and have variability in timing of exposure. If there was no recent exposure around the time of BALF collection, certain inflammatory mediators might not be increased. When BALF is collected, it is essentially representative of a snapshot in time of the cytokine profile, whereas it is likely that there are continual changes in the expression of the various cytokines. In the cats with experimentally induced asthma, because administration of allergen was standardized with respect to amount and timing, detection of the cytokines of interest was much more likely. Typically, client-owned cats were older (7 years) than research cats (< 1 year). This difference in age may introduce variations in the inflammatory profile among groups because age may alter the immune response. Furthermore, if the client-owned cats had inflammatory cytologic findings, they were not excluded from the study if they were recently or concurrently being administered glucocorticoids; glucocorticoids can affect the inflammatory profile and may have prevented detection of clear differences among biomarkers in different groups.
The purpose of the study was to find discriminatory biomarkers by evaluating possible differences in underlying molecular mechanisms of disease between cats with asthma and those with chronic bronchitis. The veterinary literature has historically focused on differentiating diseases of the lower portion of the airways of cats on the basis of historical, physical, radiographic, clinicopathologic, and cytologic evaluation 1, 3, 15 ; however, controversy still exists regarding the exact definitions and criteria for these diseases. Although not clear-cut, there are distinguishing clinical and pathological features that suggest that asthma and chronic bronchitis in cats are not the same disease. For example, episodic airflow limitation and associated expiratory respiratory distress that is at least partially reversible with bronchodilators is a feature of asthma, whereas respiratory distress is uncommon with chronic bronchitis. When cats with chronic bronchitis have evidence of respiratory distress (as did 1 cat in the CLIN CB group), in the authors' opinion, it is usually minimally responsive to bronchodilators both clinically and radiographically (ie, there is radiographic persistence of air trapping). Additionally, because asthma in cats is believed to be allergic in origin, 2, 6, 7 eosinophils are a key cell type involved in airway inflammation. Additional support for the idea that cats have allergic asthma is the ability to experimentally replicate the major features of asthma in research cats by use of allergens identified in client-owned cats with naturally developing asthma. 6 Specifically, cats sensitized to house dust mite or Bermuda grass allergen develop allergen-specific IgE production, airway eosinophilia, an acute-response Th2 cell cytokine profile, airway hyperreactivity in response to allergen challenge, and histologic evidence of airway remodeling. These represent the major features seen in humans with asthma. In contrast, cats with chronic bronchitis develop nonseptic suppurative inflammation. 8 Increased mucus production and chronic coughing are commonly reported in the veterinary literature as key components of chronic bronchitis in cats, although both are nonspecific and the former is hard to quantitate.
Recent advances in human medicine have focused on the presence of cytokines and inflammatory mediators as a means of developing novel diagnostic tests and therapeutics for diseases of the lower portion of the airways. 9, 10, 21 To our knowledge, no effort has been made to identify inflammatory mediators in BALF to use as potential biomarkers to differentiate between allergic asthma and chronic bronchitis. Selection of candidate inflammatory mediators is somewhat dependent on the reagents that are available as well as an understanding of the immunopathologic mechanisms of disease.
Asthma in cats is postulated to be similar to allergic asthma in humans, in which exposure to aeroallergens induces a preferential polarization of the immune response toward Th2 cytokine production (eg, IL-4, IL-5, IL-9, and IL-13) that leads to the hallmark features of allergic asthma, namely, airway inflammation, airway hyperreactivity, and airway remodeling. 22, 23 Moreover, Th2 cytokines are thought to suppress the Th1 immune response and associated cytokines (eg, IFN-γ) that play an important role in the regulation of immune balance. 24, 25 Less is known about the pathogenesis of chronic bronchitis in cats, which is generally accepted to be characterized by mucus hypersecretion and cytologic evidence of nondegenerate neutrophilic inflammation. As in humans, the inflammation arises second-ary to an insult to the lower airways that is nonspecific and frequently not definitively identified. 8, 13 The production of IL-4 by Th2 lymphocytes is thought to be critical in development of allergic asthma because it helps Th0 cells (uncommitted T cells) differentiate into Th2 cells, allowing antibody class switching and production of IgE. 20 Its central role in asthma has been highlighted in studies 26 in IL-4 knock-out mice, which, after sensitization and challenge with ovalbumin, lack both airway eosinophilia and hyperreactivity. Asthmatic children have significantly increased IL-4 concentraions in exhaled breath condensate, compared with healthy children, 11 and asthmatic adults have increased IL-4 positive cells in bronchial tissue, compared with adults with chronic bronchitis. 27 However, IL-4 is not necessarily detectable in BALF from human asthmatics, even if symptomatic. 28 Compatible with the latter study, not a single cat with naturally developing asthma had detectable BALF IL-4 concentrations. This may be explained by the fact that IL-4 appears to play more of a role in the early stages of Th2 development, 29 and the cats in the present study likely had chronic disease.
The role for IFN-γ, a Th1 proinflammatory cytokine, is somewhat controversial in allergic asthma, with results of some studies 11, 20, 30, 31 supporting decreases in this cytokine (presumptively attributable to suppression of the Th1 immune response by IL-4) and results of others 32, 33 indicating an increase in severe chronic or acute asthma. Evaluation of the IL-4-to-IFN-γ ratio allows for comparison of the relative contribution of Th2-and Th1-mediated immunity. In support of this, asthmatic children have increased IL-4 and reduced IFN-γ concentrations in exhaled breath condensate and an increased IL-4-to-IFN-γ ratio, compared with healthy children. 11 In the present study, although many cats with experimentally induced asthma had undetectable concentrations of IL-4 or IFN-γ, for the 7 cats in which both cytokines were measurable, the mean IL-4-to-IFN-γ ratio was 1.9, consistent with a Th2-predominant immune response. None of the cats with a primarily neutrophilic airway response (ie, RES SUPP and CLIN CB groups) had detectable concentrations of IFN-γ in BALF.
In humans with asthma, TNF-α contributes to the pathogenesis of disease in various ways, including recruitment of inflammatory cells, airway hyperresponsiveness, and airway remodeling. 9, 20 High concentrations of TNF-α are linked to complications in humans with asthma. 13 The concentration of TNF-α in human BALF was reported to be higher in patients with severe asthma, compared with that in patients with mild disease, suggesting that the beneficial effects of a TNF-α antagonist may be limited to patients with severe, refractory disease. 9 However, TNF-α activity is not limited to asthmatics, as indicated by increased TNF-α in the sputum 20, 34 or BALF 35 of humans with chronic bronchitis or chronic obstructive inflammatory disease. The lack of significant differences in BALF TNF-α concentration among groups in the present study may suggest that the cats had mild or moderate disease instead of severe disease or that TNF-α is not a critical mediator in these diseases in cats.
Nitric oxide is an important mediator of host defenses via elaboration of reactive nitrogen species; however, excessive production of reactive nitrogen species may also contribute to ongoing airway inflammation in diseases such as asthma and chronic bronchitis. 14, 36, 37 Asthmatic children 38 and adults 10 have increased NO metabolites in sputum, compared with healthy subjects. Most human studies 39, 40 have evaluated exhaled NO (vs NO metabolites in BALF, as was done in the present study), and there is good evidence that exhaled NO is linked to eosinophilic airway inflammation in asthma. There is also evidence that chronic bronchitis in humans is associated with increased exhaled NO.
14 To the authors' knowledge, metabolites of NO have never been evaluated in the BALF of client-owned cats with naturally developing allergic asthma and chronic bronchitis. On the basis of the human literature, we expected all cats with inflammatory airway disease to have increased total NO metabolites, compared with healthy cats with no cytologic evidence of airway inflammation. We wanted to determine whether there were differences in the magnitude of increased total NO metabolites between cats with asthma and those with chronic bronchitis. Although concentrations of total NO metabolites were increased in the CLIN CB group, compared with those of the RES SUPP and EXP ASM groups, there was no significant difference between the CLIN CB group and the CLIN ASM group. Moreover (and somewhat unexpectedly), there was no significant difference in concentrations of total NO metabolites in the CLIN CB and CLIN ASM groups, compared with concentrations of the control group. Given the small sample size and marked variability in the NO metabolite concentrations, it is likely that the lack of difference was simply because of type II statistical error. Additional study in a larger number of healthy client-owned cats and clientowned cats with naturally developing asthma and chronic bronchitis is warranted.
In the present study, cats with naturally developing asthma (6/13) and chronic bronchitis (2/8) were receiving or had recently (within 2 weeks of BALF collection) received glucocorticoids (orally administered or inhaled). Glucocorticoids represent the mainstay of treatment for cats with asthma and chronic bronchitis because they are considered effective in suppressing the inflammatory response by inhibiting production of various inflammatory mediators. 8, 41, 42 Cats were not excluded from the study as long as they had cytologic evidence of inflammation in BALF. Admittedly, glucocorticoids can alter the inflammatory profile in inflammatory airway disease. For example, in mice with chronic asthma, dexamethasone administration decreased expression of IL-4, IFN-γ, and TNF-α 43 but also significantly reduced eosinophilic inflammation in tandem with the decrease in cytokine production. Cats in the CLIN ASM and CLIN CB groups in the present study that were receiving glucocorticoids still had evidence of inflammatory airway disease in BALF samples (mean, 50% eosinophils and 49% neutrophils).
Although there is strong speculation that asthma in cats is allergic in origin and therefore could be amenable to some specific treatments that may alter Th2-cell-driven processes, 2, 6, 7, 22, 23 progress in understanding this naturally developing disease is hampered by a lack of clear guidelines on differentiating asthma from chronic bronchitis. In fact, there are > 10 terms used to characterize noninfectious lower airway inflammation in cats. [1] [2] [3] [4] [5] 15 In the present study, guidelines used were roughly adapted from a review on BALF and defined asthma as a cytologic finding of ≥ 17% eosinophils and chronic bronchitis as a cytologic finding of ≥ 7% neutrophils. 44 Knowing that asthma is a chronic inflammatory disorder that can damage airway epithelial cells but is still predominantly driven by a hypersensitivity to allergen, we chose to place cats with both ≥ 17% eosinophils and ≥ 7% neutrophils in the asthma group. Neutrophils have been described as important cells involved in the pathogenesis of severe asthma in humans, even when superimposed on the injury incited by eosinophils. 45, 46 The inflammatory mediators (IL-4, IFN-γ, TNF-α, and NO metabolites) that were investigated as possible biomarkers did not appear to be useful in differentiation between cats with naturally developing allergic asthma and those with chronic bronchitis. However, this study was not without limitations, including the low sensitivity of the assays for detecting IL-4, IFN-γ, and TNF-α in BALF supernatant and the inability to measure other relevant biomarkers because of the lack of feline-specific reagents. Future studies should focus on validating a technique for concentrating BALF supernatant or increasing the sensitivity of the currently available feline-specific cytokine assays. Additionally, future studies with more rigorous inclusion criteria and with nontraditional diagnostic tests (eg, pulmonary mechanics, including methcholine challenge and response to bronchodilator treatment, and evaluation of recent allergen exposure among asthmatic cats by use of intradermal skin testing or serum allergen-specific IgE reactivity) may help to detect BALF biomarkers that can be used to distinguish between cats with asthma and those with chronic bronchitis. 
